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(54) Two-dimensional solid phase assay 

(57) A method for assaying a substance is provided 
in which an optical image is obtained fram spots of light 
emitted from a chemiluminescent material capable of 
undergoing a luminescent reaction. The method com- 
prises: (a) a step of distributing solid particles on the sur- 
face of a support the solid partides having a diameter 
of not more than 100 >un and on its surface carrying an 
antibody being able to catch a catalyst previously bound 
to the second antibody (or its analogue, such as Fab*) 
through binding an antigen, and the st^port being per- 
meable to a liquid and capable of absorbing light emitted 
from chOTiluminescent material; (b) a step of immersing 
the support into a solution containing the chemilumines- 
cent material to bring the catalyst over the support into 
contact with the chemiluminescent material to cause 
luminescent reactions including f luor^ence; (c) a step 
of two-dimensionally picking up an optical image includ- 
ing an image formed by luminescence and fluorescence, 
and converting it into electric signals; (d) a step of storing 
the measured twodimensional image data of the optical 
image in a image processing device; and (e) a step of 
manipulating the stored signals to form a new image in 
the same processing devica 
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Description 



The present invention relates to methods for deter- 
mination of a substance by measurement of light emitted 
from a specimen prepared based on an antigen-antibody 
reaction. In particular, the present invention relates to 
sow phase immunoassays by use of fine particulate 
materials. 

The antigen-antibody reaction isoneof thereactions 
with a high affinity and high specificity. The immunoassay 
method using the antigen-antibody reaction allows to 
detect objects such as living tissues, cells, and bacteria, 
with high sensitivity. Further, the immunoassay method 
IS simple in operation and applicable to various objects 
Tnwefore. this method is widely used for measurements 
in biofogy and biochemistry. In recent years, various 
methods are being actively developed featuring such 
advantages, espedally for ultrasensitive assays of trace 
substances: for example, interleukin 6 in human blood 
in conventional fine-partide solid phase immu- 
noassay by light measurements, a point sensor is gen- 
erally used to determine the intensity of signals from the 
sample. In enzyme immunoassays, for example an 
enzyme activity is either transduced into fluorescent light 
or other emissions. And then the light can be detected 
by a fluorescence spectrophotomer and other instru- 
ments including a photomultiplier tube as a detector 

In point sensing with a point sensor, however the 
measurement is affected by background noises emitted 
from the entire area of the sample's optical image. The 
noises typically come from contaminants in the sample. 
When the signal is weak in the point sensing, the sum of 
those noises across the image is much higher than the 
sum of the intensity of the signal from the object provid- 
ing a low S/N ratio. This makes high.sensitivity measure- 
ment infeasitDle. 

Maly. F.E.. et al. (Anal. Biochem.. 168 462- 
469(1988)) provides an immunoassay method in which 
a microtiter plate is used as the solid phase for objects 
and the light emitted from each of the wells of the micro- 
liter ptete« detected by a two-dimensional detector. This 
method enables simultaneous detection of signals emit- 
ted from the individual wells. The method of Maly. how- 
ever. IS equivalent to a method of simultaneous point 
sensing for each of the wells. Maly discusses no coun- 
termeasure against the high background noise over the 
signals from the light-emitting reagent in the respective 
mjcrotter plate wells. Japanese Patent Application S63- 
201561 describes an immunoassay method that enable 
to obtain a two-dimensional optical image of fine parti- 
cles and to counts the number of the particles. This 
method, however, is intended to determine the nurrtjer 

ofparticles by binarizing the intensity of light signals from 
he ine particles, but is not directed to determine the total 

light intensity of an object with sufficienUy high sensitivity 
with an improved S/N ratio. 

The present Invention Is intended to provide an 
assay for a trace substance with less noise and an 
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improved S/N ratio. The assay method of the present 
invention comprises the following steps: 

(a) distributing solid particles two-dimensionally and 
substantially uniformly on the surface of a smport • 
said solid particles having a diameter of not more 
tfian 100 ^m and carrying on the surface thereof an 
immunological complex; the immunological complex 
oorrprising (i) a target antigen, (ii) a catalyst for lumi- 
n^ent reaction of a chemiluminescent material 

(nOafirstantibodyforthetargetantigenbeingbound 
to the surface of the particles, (iv) a second antibody 
for the target antigen being bound to the catalyst 
wherein tfie target antigen bindsto both the first anti- 
body and tfie second antibody, and wherein tfie cat- 
alyst being conjugated to tfie second antibody ttie 
support being permeable to a liquid and capable of 
absolving light emitted from tfie chemiluminescent 
material; 

(b) immersing the catalyst over tfie particles on tfie 
support into a reaction mixture for light emi^ion- 

(c) extracting two-dimensional image data from opti- 
cal images, including an image formed by light of tfie 
chemiluminescent reaction, wrth an image pick-up 
device which two-dimensionally picks up an optical 
image formed by tfie incident light and converts tfie 
inadent light Intensity for respective Tght-receiving 
sites (or picture elements) into electric signals- 

(d) collecting and storing the acquired two-dimen- 
sional image data of tfie optical image (original 
image data) in a digital device; and 

(e) assaying tfie substance based on tfie measured 
two-dimensional Image data collected by tfie 
processing device. 



file catalyst may be an enzyme in ttie assay method 
of tfie present invention. The chemiluminescent material 
may be a substrate for tfie enzyme in the assay metfiod 
of the present invention. 

The assay metfiod of tfie present invention may fur- 
ttier comprise tfie following steps: 

penetrating tfie chemiluminescent material into a 
support having no fine particle tfiereon; 

picking up a background optical image of ttie sup- 
« porthavingnofinepartodewitfitheimagepick-updevice- 
converting tfie incident light intensity for respec- 
tive light-receiving sites (orpicture elements) into electric 
signals to obtain ttie data of tfie two-dimensional back- 
ground image; 

so collecting and storing tfie acquired tiivo-dimen- 

sional background image data in the digital device prior 
to tfie steps of assaying tfie substance; and 

subtiacting tfie background image data from tfie 
onginal image data in tfie assaying steps. 

ss The assay metfiod of tfie present Invention may use 
an image pick-up device which furtfier conprises an 
imagenntensifying optical device for intensifying the inci- 
dent light intensity of tfie optical image and oulputting ttie 
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intensified optical image and converting the image into 
electric signals. 

The present invention will be fully underetood from 
the detailed description given herein below and the 
accompanying drawings which are given by means of 
illustration only However, the description may not limit 
the right of the present invention. 

Further scope of applicability of the present inven- 
tion will become apparent from the detailed description 
given hereinafter. However, it should be noted that the 
detailed description and specific exanples. although 
indicating prefen-ed embodiments of the invention, are 
given by means of illustration only. Various changes and 
modifications within the spirit and scope of the invention 
will become appar^ to those skilled in the art from this 
detailed description. 

Fig. 1 illustfBtes the constitution of the assaying 
apparatus employed in an embodiment of the present 
invention. 

Fig. 2 is a flow chart showing the steps in an embod- . 
iment of the present invention. - 

Figs. 3A to 3E show image processing steps in an 
embodiment of the present invention: Fig. 3A and Rg. 
3B are plane views of the inside of the Petri dishes: Fig. 
3C and Rg. 3D are graphs showing intensity distribution ; 
of the picked-up image in the direction of the diameter of 
the Petri dish; Rg, E are graphs showing intensity distri- 
bution of the processed image. 

Fig. 4 is a graph sfiowing dependency of tiie inten- 
sity of the luminescence on the content of porcine insulin, s 

In the present invention, a luminescent object is dis- 
tritxrted or scattered two-dimensionally and uniformly 
onto a support, and immersed in a solution containing a 
chemiluminescent material on the support Then, an 
optical image which includes light from the target object s 
can be picked up and the intensities of respective picture 
elements in the optical image are collected and con- 
verted into the electrical signals. Then the electrical sig- 
nals are stored as the two-dimensional image data. The 
background Image are also picked up. and the back- 4i 
ground image data are stored, in the same manner 
described above. 

Thereby the optical image, which is generally a mix- 
ture of the undesirable background noises and the 
required signals from the target object can be processed 4s 
for each picture element. Therefore, noises can be defi- 
nitely cut off and only the required signals can be 
acquired. 

The assay method of the present invention enploys 
a support which is permeable to a fiquid and capatrfe of so 
absorbing light whereby the catalyst which serves as the 
mariner of the target object can readily contact a solution 
containing a chemiluminescent material and the light 
coming from the portions other than the target object is 
absoft>ed without troublesome treatment in the meas- ss 
urement. 

Fig. 1 shows an oteen/ation apparatus 10 suitable 
for the assay method of the present invention. The obser- 
vation apparatus 10 consists of the following compo- 



D nents: a camera 12 as an image pick-up device for 
picking up an optical image, transducing it into electric 
1 signals, and outputting it; an image processor 14 which 
3 stores the output signals from tfie camera 12 and proc- 
f 5 esses the signals in a predetermined manner; a control- 
t ler 16 which controls the camera 12; and a CRT monitor 
18 which displays the image based on the image data 
stored or processed by the image processor 1 4, Onto 
I the light entrance window of the camera 12, a chamber 
! 10 22 is provided for containing the targrt object The cam- 
era picks 14) the image light emitted from the marker 
bound to the object in the cfiamber 22. 

In the preferred emtxxliments of the present inven- 
tion described below, a photon-counting camera C5031 
15 (manufactured by Hamamatsu Photonics K. K.) is used 
as the camera 12, and an image processing system 
ARGUS 100(manufactured by Hamamatsu Photonics K. 
K.) is used as the device system comprising the image 
processor 14, the controller 16. and the CRTrrronitor 18, 
20 The observation apparatus useful for practicing the 
method according to the present invention is not limited 
to tile atx>ve apparatus or system. Any known image 
processing system may be used without limitation, pro- 
vided tiiat tfie apparatus is capable of picking up an opti- 
25 cal image by picture element, transducing it into electric 
signals which correspond to respective picture elements, 
and processing it as required. For example, tfie image 
pick-up device may comprise an image intensif ier which 
transduces photons of the optical image into electrons. 
30 ^ multiplies the electrons, and finally re-convert tfiose elec- 
trons into an amplified optical image. The image pick-up 
device may also be a cooled CCD camera. 

The chamber 22 may typically be a Petri dish. The 
bottom of the Petri dish may be formed of an optical 
35 waveguide such as an optical fiber plate. In this case, 
preferably, an image intensifier is connected with the 
entrance of tfie camera, and ttie Petri dish is placed onto 
tfie entrance window of tfie image intensifier such that 
tfie waveguide of the entrance window of tfie image 
40 intensifier is optically connected to tfie waveguide of tfie 
bottom of tfie Petri dish. 

Otherwise, a magnification device such as a macro- 
lens or a microscope may be attached to tfie camera, 
and tfie chamber 22 may be placed under tfie camera 
45 1 2 differently from tfie illustration of Rg. 1 to pick vp the 
optical image from the upside of tfie chamber 22. 

In tfiis embodiment a trace amount of pora'ne insu- 
lin as tfie tanget otDject was detected via a solid phase 
enzyme immunoassay method. 
so Rg-2 is a ftow chart showing tfie steps of tfie anal- 
ysis in tfie present embodiment The steps were 
described below in detail. An antibody which is specific 
to porcine insufin (target antigen) as a detection target 
was adsort>ed onto fine particles. Then pordne insulin 
55 (antigen) was bound to ttie first antibody over fine parti- 
cles. An enzyme that promotes a luminescent reaction 
or fluorescent reaction was bound to tfie antigen through 
an adequate earner such as the second antftxxJy to por- 
cine insulin. In other word, the enzyme is conjugated witfi 
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the second antibody, so that the conjugated enzyme of 
marker can bind to the target antigen via antigen-anti- 
body reaction. Rnally the solid phase (fine particles) hav- 
ing the target object and its marker enzyme was obtained 
to transduce the quantity of the target otjject into light s 
signals through a catalytic reaction of the marker. These 

line particles was dispersed or scattered two-dimension- 
ally onto a support surface capable of absoibing visible 
light {namely, a black support). A solution which contains 
iuminol. a chemiluminescent material, was allowed to io 
penetrate into the support to induce chemilumines- 
cence. The optical image of the support was picked up 
and then processed, using the system shown in Rg. i. 
This embodiment is described in more detafl below. 

(1) Preliminary worths ("Step 1" in Rg. 2): 

(Preparation of Dilution Solution Containing The Target 
Object) 



Block Ace Solution (produced by Snow Brand Milk 
Products Co.. Ltd.) was diluted four-fold with 0.1M phos- 
phate buffer solution (pH 7) (hereinafter referred to as 
dilution solution"). Therein, porcine insulin (produced by 
WakD Pure Chemical Industries. Lid.) to be detected was 25 
dissolved to form the original solution of the object. The 
light absofbance of this original solution was measured 
and therefrom the predse concentration was calculated 
by reference to the known molar extinction coefficient A 
series of diluted solutions containing different concenlra- 30 
tions of the pordne insulin were prepared by adding dif- 
ferent aliquot of the original solution to the dilution 
solutions. The porcine insulin concentrations of the 
respective solutions were calculated from the above pre- 
ciseconcentration of the original solution and the dilution 35 
ratio. 

(Purification of Antibody) 

The anti-porcine insulin antibody, namely the anti- w 
body which can specifically bind to the antigenic porcine 
insulin, was separated and purified from anti-porcine 
insulin antiserum. Rrstly. the arti-pordne insulin antise- 
rum was fractionated on a Protein A Sepharose column 
(produced by Amersham Co.). The active fractions were 4s 
combined and further purified by affinity chromatography 
on a insulin Sepharose or insulin agarose (produced by 
Sigma Ca) column. 



(Adsorption of Antigen onto Rne F^rtides) 
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The fine particulate material as the solid phase was 
commerdally available as magnetic beads. "DYNA- 
BEADS. M-280 Tosyl-activated" (manufactured by Nip- 
pon Dynal Co.. Ltd.). The fine partides had a partide ss 
diameter of approximately 28}xm. The above purified 
anti-porcine Insulin antibody was adsortied onto the sur- 
face of the magnetic fine partides in a liquid suspension 
state according to tfie operation manual provided by the 



manufacturer. The suspension of the magnetic particu- 
late material having the anti-pordne insulin antibody thus 
prepared was stored according to the above operation 
manual. 

(Preparation of Enzyme for Promoting Luminescent 
Reaction) 

Luminol was used as tfie chemiluminescent mate- 
nal. A peroxidase was used as the marker enzyme for 
promoting tfie luminescent reaction of luminol In this 
embodiment, the marker enzyme (horseradish peroxi- 
dase) was specifically conjugated to Fab' derived from 
anti-porcine insulin antibody (hereinafter refen-ed to as 
-I=ab'-HRP conjugate-). In other words, horeeradish per- 
oxidase conjugated witfi the Fab' was used as the con- 
jugated enzyme of marker. The Fab'-HRP conjugate was 
pr^red by the maleimide method described by 
Ishikawp, E.. et al. (J. Immunoassay, vol. 4. pp. 209-327 
(1983)). the disdosure of which is hereby incoiporated 
by reference. The obtained Fab'-HRP conjugate was fur- 
ther purified by chromatography on a Sephacryl S^O 
(produced by Pharmada Co) column. 

The marker enzyme available for the present inven- 
tion IS not limited to tfie horseradish peroxidase, but any 
known enzyme may be employed which will induce lumi- 
nescence from a chemiluminescent material. Furtiier a 
catalyst like porphyrin whidi promotes chemilumines- 
cent readion of luminol may be employed as the marker 
in place of ttie enzyme. The chemiluminescent matter is 
not limited to luminol. but any other known chemilumi- 
nescent materials may be used, such as indole deriva- 
tives and acridine derivatives. 

(Preparation of Readion Solution Containing Chemilu- 
minescent Matter) 

The composition and tfie formulation of ttie sdution 
of luminol as tfie chemiluminescent material enployed 
in this embodiment was tfie same as described by Mot- 
senbocker, M.A.. and Kondo. K (J. Bidum.. Vd. 9. pp. 
15-20 (1944)), which is hereby incorporated by refer- 
ence. Specifically. 1 ml of tfie reaction solution enployed 
in ttiis entoodiment contained 4.0 mM of luminol 50 uM 
of p-phenylphenol. 0.1 mM of EDTA. and 100 mM of tris- 
hydrochloric add buffer solution (pH 8.5). In tfiis embod- 
iment, tfie luminol for tfie reaction solution was highly 
purified via recrystallization because ttie purity of tfie 
luminol seriously affects the intensity of tfie diemilumi- 
nescence. The sdution was prepared just before ttie 
pradice of the assay. 

(2) Antigen-Antibody Readion: 

The operations described below are typical ELISAs 
(enzyme-finked immunosorbent assays) using fine uar- 
ticles as tfie solid phase. 
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(Bonding or Binding of Antigen to Antibody on Fine Par- 
ticles: "Step 2" in Fig. 2) 

A suitable amount of the liquid suspension contain- 
ing the magnetic fine partides having the aforemen- s 
tioned anti-porcine insulin antibody was placed in a test 
tube. The suspension was separated into the liquid por- 
tion and the solid portion(particles). by the operation that 
the magnetic particles were being attracted magneti- 
cally, and the liquid portion of the suspension was dis- io 
carded. Then 0.1 ml of the above prepared diluted 
solution containing the porcine insulin was added. The 
test tube was shaken vigorously at room tenperature for 
one hour. Then the liquid portion was discarxied by the 
same method mentioned above. The fine particles were is 
washed as described below. 

A washing solution was prepared by adding Tween- 
20 as the surfactant to a concentration of 0.02 % into the 
Block AcaRM solution diluted with 0.1M phosphate 
buffer (pH 7.0). 0.2 ml of the washing solution was added 20 
to the above test tube holding the fine particles. The test 
tube was shaken at room temperature for one hour, and 
the liquid portion was discarded with the magnetic par- 
ticles attracted magnetically The above washing opera- 
tion was canied out three times. 25 

(Bonding or Labeling of Conjugated Enzyme of Marker 
to Antigen: "Step 4" in Rg. 2) 

To the test tube, was added 0.1 ml of a solution of 30 
Fab'-HRP diluted with tfie aforementioned dilution solu- 
tion (0.1 ml of this solution contained 100 fmol of Fab*- 
HRP conjugate). The test tube was shaken at room tem- 
perature for one hour, and the liquid portion was dis- 
carded by the same method descn*bed previously Then 35 
the washing with the above washing solution was earned 
out tfiree times in the same manner as described above. 

In such a manner, f irie particles for the antigen assay 
were prepared having a combination of (fine partides)- 
(antibody)-(antigen)-(conjugated enzyme of marker) 4o 
linked in this onder. The fine particles were stored at 0**C 
in a form of suspension witti 0. 1 M phosphate buffer solu- 
tion (pH 7.0). 



ful for the assay method according to the present inven- 
tion. The "color" of the filter is preferably black. 

A black nitrocellulose membrane filter (manufac- 
tured by Toyo Roshi K.K,) was set in Dot-Blot Apparatus 
(manufactured by Millipore Co.). Thereto. 10 |il of the 
above liquid suspension containing the fine partides was 
stw'ied through the holes of the Dot-Blot Apparatus. 
Thus tfie fine partides in the liquid suspension were scat- 
tered and attached two<nmensionaHy and uniformly 
around the center portion 
of the meni)rane filter. 

(Measurement of Emission of Ught from Marker Bonded 
to Object: "Step 6" in Rg. 2) 

A reaction solution containing luminol ther^n was 
soaked into the Wack nitrocellulose membrane filter car- 
rying thereon the fine partides over which the ot>iect is 
bonded. Ther^ the enzyme markers encountered the 
luminol to induce the chemiluminescent reaction. This 
reaction was observed using the ot>servatk)n apparatus 
shown in Rg. 1, 

The membrane filter was taken out from the Dot-Blot 
Apparatus and then placed in a chamber (Petri dish PD- 
47, manufactured by Toyo Roshi K.K.) hoWing 1.2 ml 
of the luminol-containing reaction solution witfi the par- 
tide-carrying side of the filter against the surface of the 
entnajice window of a image pick-up device. At this time, 
the Fab'-HRP conjugate marking the porcine insuliri 
bound to the antibody on the surface of the fine partides 
began to catalyze the chemiluminescent reaction in the 
reaction solution to cause light emission selectively at 
the portion carrying the pordne insulin. 

The two<fimensk)nal optical Image formed by the 
light emitted from the Fab -HRP in the chamljer 22 (Petri 
dish) placed in the fight entrance window of the photon- 
counting camera 12 was obtained two-dimensionally for 
one minute. 

(3) Image Processing: "Steps 3 and 7 in Rg. 2) 
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(3) Measurement: 

(Distributing and Adsorbing Rne Particles on Support- 
"Step 5- in Rg. 2) 



The fine partides for the amigen assay were dis- so 
persed or scattered and adsorbed two<Rmensionaily on 
a support capable of absorbing visible light In this 
embodiment, the SMWx>rt was a black nitrocellulose 
membrane filter of 2.5 cm in diameter. However, any 
taiown adsorption filter may be used as the support pro- ss 
vided that ft is capable of adsorbing the noise in the 
chemiluminescent reaction and altowing liquid penetra- 
tion. For example, colored nylon membrane filters, 
cotored PVDF (polyvinylidene dif luoride) filters are use- 



Rgs. 3A to 3E illustrate tiie image processing pro- 
cedure in tills embodiment. Rg. 3A and Rg, 3B are plan 
views of tiie picked-up image portion of tiie Petri dish. 
Fig. 3C. Rg. 3D, and Rg. 3E are graphs showing intensity 
distribution of the light image in the diameter direction, 
ttie ordinates showing the intensity, and the absdssas 
showing tfie positions in the diameter direction. Rg. 3C 
shows the luminescence distribution of the portion con- 
taining the object 32, 34 emitting light at the section A-A 
in Rg. 3A, and Rg. 3D shows the portion not containing 
the object Rg. 3E shows the image after processing of 
tiie picked-tp image of this entxxJiment - 

Ihe image was processed as follows. Before the 
observation of tiie black nitrocellulose mentjrane filter 
containing the fine partides. an optical image of the nitro- 
cellulose membrane f flter without the fine partides was 
picked up by tiie use of the pick-up apparatus shown in 
Rg, 1 , in the same manner as the above measurement 
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(namely, the measurement of the luminescence given by 
the labeled marker). This result are shown in Fig. 3B and 
Fig. 30. The acquired two-dimensionaldata (bad^round 
•mage) was stored in the image processor. Thereafter 
the optical image including the above chemiluminescent s 
image from the marker label(original image) was picked 
up, and the acquired two-dimensional data (Fig. 3A and 
Fig. 3C) was stored In the same image processor The 
two-dimensional data were stored in such a manner that 
the numerical values corresponding to the detected lumi- ,« 
nescence for respective picture elements were arranged 
in the Older of the picture elements. 

The acquired image have included many noise com- 
ponents which came from the impurities in the reaction 
so ution. as shown in Fig. 3C. In particular, trace amount is 
Of the object with much noise convonents. such as the 
image having ordinal luminescence distribution as in Fig. 
3C. are not aisle to be sufficiently assayed by 
point sensing with luminometers. In the point sensing all 

of the noises included in the image are acquired so that 20 
the chemiluminescence from trace amount of the otjjects 
are buried in the noises. 

On the contrary, in the preferred embodiment of the 
pr^ent invention, image processing was conducted to 
subtract the luminescence signals of the individual pic- ss 
ture elements of the background image (Rg. 3D) from 
those of the coiresppnding picture elements of the orig- 
inal image. (Rg. 3C). The processed data (Rg. 3E) so 
obtained was stored in the image processor. 

As shown in Rg. 3E. the image processing of sub- 30 
tracting the background image data from the original 
•mage data results in effective reduction of the noises 
giving the images shown in Rg. 3A and Rg. 3C. so that 
It enables to easily extract data of luminescence 32 34 
from the original irrage. The extracted luminescence 3S . 
data have the useful information that indicates not only 
the existence of the objects but also the quantities of the 
Objects. 

The detection of the porcine insulin was conducted 
for the series of the diluted solution prepared as 4o 
described above. Rg. 4 is a graph showing the depend- 
ence of the intensity of the emitted light on the amount 
of ttie porcine insulin. Fig. 4 also shows the level of the 
background luminescence intensity. 

According to the definition of the detection limit of 45 
the insulin as the intensity twice of the background light 
in consideration of the reproducibility of the measured 
data, the detection limit of the porcine insulin was 0.1 
attomole in this e^toodiment 

f'o^ comparison, the measurement was conducted so 
by a conventional technique employing a luminometer 
for point sensing with other conditions being the same 
as in the embodiment of the present invention. In this 
point sensing, the detection limit was 1 attomole. TTie 
porcine insulin less than this detection limit was not 55 
detectable. 

Accordingly, the two<limensional solid phase assay 
of this embodiment of the present invention was shown 
to lower the detection limit by about one decimal order 



in comparison with the point sensing. Therefore, the 
method according to the invention is highly effective for 
detection of extremely low amount of an object 

The present invention enables measurements with 
high sensitivity, inproving a S/N ratio by cutting two- 
drmensionally the related noise such that the good opti- 
cal image is formed by visible light emitted by a catalyst 
fixed through the antigen-antibody reaction. 

TTie two-dimensional image data so obtained are 
stored and processed by transducing the data into elec- 
ti-ic signals. Further, the component of ihe light from the 
object only can be effectively extracted from the optical 
image without impairing the information. 

Theassaymethodofthepresentinventionenploys 
for supporting the object, a support that allows to pene- 
frate of a liquid into rtself and to absorb light. On the other 
hand, the marker enzyme can readily be brought into 
contact with the solution containing a chemiluminescent 
material, effectively reducing the background noises 
■mis assay metiiod is. therefore, simple and highly sen- 
sitive. 

The present invention is not limited to the above pre- 
fen-ed embodiment: Namely, it can be modified for vari- 
ous purposes. For example, thfe image treatment may 
include tiiat the gravity center is extracted from a single 
photon image and then one picture element consisting 
of the gravity center is stored in a processor. 

Claims 

1 . A method for assay of a substance, comprising steps 

(a) disti-ibuting solid particles two<iimensionally 
and substantially uniformly onto ihe surface of 
a sipport ; said solid particles having a diameter 
of not more than 100 pum and carrying on the 
surface thereof an immunological conplex; the 
immunological complex comprising (i) a target 
antigen, (ii) a catalyst for luminescent reaction 
of a chemiluminescent material, (iii) a first anti- 
body for the target antigen being bound to the 
surfece of the particles. Qv) a second antibody 
for the target antigen being bound to the cata- 
lyst, wherein the target antigen binds to both the 
first antibody and the second antibody, and 
wherein the catalyst being conjugated to the 
second antibody; the support being permeable 
to a liquid and capable of absorbing light emitted 
from the chemiluminescent material; 

(b) Wetting the support with a solution contain- 
ing the chemiluntinescent material to bring the 
catalyst into contact with the chemiluminescent 
material for chemiluminescent induction; 

(c) acquiring two<limensional image data by 
picking up an optical image including an image 
of the chemiluminescent reaction with an image 
pick-up device, the image pick-up device being 
capable of picking up two-dimensionally an opti- 
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cal image of the incident light and converting the 
incident light intensity of individual photon- 
receiving sites into electric signals: 

(d) collecting and storing the two<limensional 
image data of the optical image with a process- s 
ing device; and 

(e) a step of assaying the sut>stance based on 
the two-dimensioncil image data, 

2. The method of claim 1, wherein said catalyst is an io 
enzyme. 

3. The method of claim 1. wherein said catalyst is a 
porphyrin. 



15 

4. The method of claim 2. wherein said chemilumines- 
cent material is a suljstrate for the enzyme, 

5. The method of claim 4, wherein said chemilumines- 
cent material is selected from the group consisting 20 
of indole derivatives and acricBne derivatives. 

6. The method of claim 1 . wherein a step of acquiring 
a background image data is further included, said 
step of acquiring a background image data conpris- 25 
ing; 

penetrating the chemiluminescent material 
into a support having no fine particle thereon. 

picking up an optical Image of the support 
having no fine particle using said image pick-up 30 
device. 

converting the incident light intensities for 
respective photon-receiving sites into electric sig- 
nals to obtain individual data of the two-dimensional 
background image, and 35 

collecting and storing the acquired two- 
dimensional background image data in said digital 
device, prior to said step of assaying. 

7. The method of the claim 6, wherein the step of 40 
assaying the substance of which signals are 
obtained by subtracting the background data from 
the corresponding two<Jimensional image data 
which are acquired in tiie step of (d). 

45 

8. The method of claim 1, wherein the image pick-up 
device further comprises; . 

the first optical means for intensifying the 
luminescence of the incident light intensity of an opti- 
cal image and outputting the intensified optical so 
image.and the second optical means for receiving 
the intensified optical image and converting the 
intensified optical image into electric signals. 

9. The method of claim 7. wherein the first optical ss 
means is an image intensifier. 

10. The method of daim 1, wherein the support is 
selected from the group consisting of colored nitro- 



cellulose membrane filter, colored nylon memtxane 
filter, and colored polyvinylidene dcfluorkJe mem- 
brane filter. 

11. A method for assay of a sutrstance. conprising tfie 
following steps: 

(a) distrilxiting solid particles two-dimensionally 
and neariy miformly on the surface of a support; 
said solid particles having a diameter of not 
more than 100 |im and carrying an immunolog- 
k;al complex; tiie immunological conplex com- 
prising (i) a target antigen. pO a catalyst for a 
chemiluminescent reaction of a chewttlumines- 
cent material. (fiO a first antibody for the target 
antigen being bound to the surface of the parti- 
cles, fiv) a second antibody for ttie target anti- 
gen being bound to the catalyst, wherein tfie 
target antigen binds to botfi the first antibody 
and the second antibody and wherein tiie cat- 
alyst being conjugated to the second antibody; 
the support being permeatrfe to a liquid and 
capable of absorbing light emitted from the 
chemiluminescent material; the support being 
permeable to a liquid and capable of absorbing 
light emitted from chemiluminescent materials; 

(b) Wetting the support with a solution contain- 
ing the chemiluminescent material, the support 
l>eing placed in a chamber on an entrance win- 
dow of tfie image pick-up device to cause a 
chemiluminescent reaction between the 
enzyme and the chemiluminescent material, 
the image pick-up device being capable of pick- 
ing up twoKlimensionally an optical image of the 
incident light, converting ttie image into electric 
signals corresponding to tiie intensity of the inci- 
dent light of respective photon-receiving sites, 
and outputting the electric signals; 

(c) acquiring an image data by picking up an 
optical image including an image formed t>y light 
of the chemiluminescent reaction witii an image 
pick-up device; 

(d) collecting and storing the image data of an 
optical image in a processing device; and 

(e) assaying a substance based on the two- 
dimensional image data. 

1 2. The metiiod of claim 1 1 . wherein a step of acquiring 
background image data is further included, said step 
of acquiring background image data conprising; 

penetrating the chemiluminescent material 
into a support having no fine partide thereon. 

picking up an optical image of the support 
having no fine particle, converting the data of tiie 
image to electi-ic signals to obtain the two-dimen- 
sional data of background picture elements, and 

collecting arxf storing the two-dimensional 
data of background picture elements in a processing 
device prior to the step of assaying. 
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The method of the daim 12. wherein the step of 
assaying a substance by subtracting the data of 
background picture elements from the twoKiimen- 
sional data. 
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14. The method of daim 1 1 . wherein the chamber is a 
Petri drsh having a bottom serving as an optical wave 
guide connected optically to the entrance window of 
the image pick-up device. 

15. The method of claim 11. wherein the support is 
selected from the group consisting of colored nitro- 
cellulose membrane filter, colored nylon membrane 
filter, and polyvinylidene difluoride membrane filter. 

16. The method of claim 11. wherein the chemilumines- 
cent material is a substrate for the enzyme. 

17. An apparatus fbrassaying a substance, conprising: 

a support being permeable to a liquid, capa- so 
ble of absorbing light emitted form a chemilumines- 
cent material, and capable of maintaining objects on 
the surface thereof; 

a chamber for maintaining the support; 

an image pick-up device having an enfrance 25 
window, the image pick-up device being capable of 
pfcking up an optical image introduced two^iimen- 
sionally through the entrance window, being capable 
of converting an image into electric signals con-e- 
sponding to the intensities for respective photon- 30 
receiving spots to form two-dimensional data, and 
outputting the two-dimensional data; and 

a processing device for storing and process- 
ing the output of two^imensional data from the 
image pick-up device. 

18. The apparatus of claim 17. wherein the support is 
, selected from the group consisting of colored nitro- 
cellulose membrane filters, colored nylon mem- 
brane filters, and colored polyvinylidene difluoride 
membrane filters. 

19. The apparatus of claim 17. wherein the pick-up 
device comprises a camera selected from the group 
consisting of vidicon camera. CCD camera and 45 
cooled CCD camera. 

20. The apparatus of claim 1 7, wherein the image pick- 
up device includes an image-intensifier. 

50 
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C STEP I ) 
PRELIMINARY WORKS 






( STEP 2 ) 
BONDING ANTIGEN TO ANTIBODY ON 
FINE PARTICLES (SOLIDS) 






( STEP 3 ) 
PICKING UP BACKGROUND IMAGE 







( STEP 4 ) 
BONDING ENZYMATIC MARKER TO 
ANTIGEN ON FINE PARTICLES 



( STEP 5 ) 
DISTRIBUTING FINE PARTICLES ACROSS 
THE SUPPORT 



( STEP 6 ) 
PICKING UP IMAGE INCLUDING 
LUMINESCENCE FROM MARKER 



( STEP 7 ) 
IMAGE PROCESSING 
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